Firstly, this paper proposes a variable parameter equivalent model based on dual-port Norton equivalence for the loadability of transmission line under operation condition, which can very well reflect the non-linearity and timevarying properties of power systems. And the changes in the equivalent parameters reflect the effect of parallel flow on the transmission line loadability in interconnected system. This equivalent model is inferred firstly in theory. And then, a practical method is given for forecasting equivalent parameters and obtaining the loadability of transmission line under operation. At last, the feasibility and effectiveness of the equivalent model and the method are testified by continuous power flow in IEEE-39 system.
1.Introduction
For a large-scale power system, Transmission capacity of active power has a significant impact on safety and reliability of the whole system running. Currently, the study of transmission capacity has become a hot issue. However, the transmission capacity of the whole system depends on the loadability of transmission lines [1] . So the study of real-time loadabiltiy of transmission line has very great significance.
For loadability of transmission line, early in 1979 R.D.Dunlop and others established the equivalent model of transmission line based on Thevenin equivalence on systems at both ends [2] . In their equivalent model, Thevenin equivalent voltage is given. Thevenin equivalent reactance is calculated from short circuit current. Thevenin equivalent resistance is neglected. Then Richard Gutman extended transmission line loadability concepts to operating studies [3] . For this purpose, the equivalent reactance is also obtained through short-circuit current, but the Thevenin equivalent voltage is calculated from a solved load flow case which is used as base flow condition for the loadability analysis, not a given. In 2005, Xuzheng Chai gave loadability curve of AC transmission Lines applied in China [4] . All the above calculation methods value line loadability through Thevenin equivalence on the sending-and receiving system. And during the calculation process, system equivalent parameters are unchanged [5] . So the line loadability obtained by above methods is limited to design environment, rather than operating environment. With the increase in loadability of special line, the voltage, the phase angle and other state variables of each node within the system are changed. Thus, the system equivalent parameters should be changed, rather than a constant value. In 2001, Tianqi Liu proposed a variable equivalent model for the tie-line local control, which takes the time-varying properties of power system under operating conditions into consideration [6] . But in the model the systems at both ends of the tie-line must be independent of each other, which make the model not generally applicable to lines in ring structure system. In response to above problems, This paper puts forward variable parameter equivalent model of transmission line based on dual-port Norton equivalence, in which parallel flows of the study line are considered. The model is very suitable for ring networks. Furthermore, the changes of equivalent parameter can very well reflect the non-linearity and time-varying properties of power system under operating conditions. Through the model, line loadability and its constraints are real-time valued and analysised. A practical method is given for obtaining the real-time loadability of transmission line. At last, the feasibility and effectiveness of the equivalent model and method are testified by continuous power flow in IEEE-39 system.
2.Model
The transmission line model is shown in Figure 1, Figure 1 , the following equations can be derived from the principles of electric engineering: As most of high-voltage networks are the ring grid, in operation, the power flow parallel with study line must exist. Therefore, the sending and receiving systems at both ends of transmission line is not isolated from each other. The systems should be considered as a whole. In previous literatures, the single-port Thevenin equivalence on the sending and receiving end system respectively does not reflect the overall impact on the study transmission line. Thus, this paper firstly analysis the two-port Thevenin and Norton equivalence on the transmission line. By comparing, the two-port Norton equivalent circuit is simplified to obtain the equivalent model of double-ended power source.
When the study line is open, the remaining network is seen as external equivalent system. The dualport Thevenin equivalent circuit of external equivalent system is shown in Figure 2 . Author name / Energy Procedia 00 (2011) 000-000 Of which, so U and ro U is the dual-port Thevenin equivalent potential; eq Z is the dual-port Thevenin equivalent impedance matrix of two-dimension. The dual-port Thevenin equation of the external system in Fig.2 
Where,
The dual-port Norton equivalent circuit of external equivalent system is shown in Fig.3 . 
In which, (2) and (3) is simulated by π -type circuits. Then the Thevenin and Norton equivalent circuits of external system are obtained as shown in Figure 4 and Figure 5 . According to Thevenin and Norton theorem, so U 、 ro U and so I 、 ro I are open-circuit voltages and short-circuit currents of nodes s and r respectively. eq Z can be directly taken up from impedance matrix of External equivalent network. In original system, The study line is under normal operation, rather than opens or short-circuits. Fig.1 and 4 combined, The dual-port Thevenin equivalent circuits of original system are obtained as shown in Figure 6 . Similarly, Fig.1 and 5 combined, The dual-port Norton equivalent circuits of original system are obtained as shown in Figure 7 . 
Compared to the Thevenin equivalence on both-ends networks of study line respectively in previous literatures, the double-ended power supply model based on dual-port Norton equivalent, takes the integrity characteristics of the whole system into consideration, In the model, the equivalent admittance 12 Y − characterizes the existence of parallel flows of the study line and its role in divert current in original system. The real-tine value of loadability of transmission line based on this model will be more appropriate with the actual situation.
3.Line Loadability Projection Online

3.1.Limiting Factors
Of all limiting factors that normally set a ceiling on how much power can be carried by a particular transmission line, three major line loadability limitations are considered here: thermal limitation line voltage-drop limitation steady-state-stability limitation In this article, the voltage-drop limitation was set at 5% maximum. It is believed that a steady-statestability margin of 30-35% is a reasonable level for typical heavy line loading situations. This corresponds to about 40-44°angular displacement across the system.
3.2.Loadability Prejection Online
q E is known, from equations (3) and (4) 
It can be seen from equation (9), s P and 12
δ meet the sine function in the both-ends power supply model based on dual-port Norton equivalence. When 0 12 90 δ = , the power s P reaches its maximum, but also to the static stability limit.
In the equivalent model in Fig.8, 12 δ increases along with the power transferred from the sending end system to the receiving end system. In the past literatures, during the calculation of loadability of study line, the system equivalent parameters are unchanged. But in the actual system ,the load and voltage of each node are changed with the power increase. So the equivalent parameters should also be change rather than to maintain a constant value. That is ，with the increase in 12 (9) will be changing. It is assumed that no matter how the system state changes, the network structure and parameters does not change, and attribute to the changes of injection of the corresponding nodes .Thus, in equation (9) Though the changes of equivalent parameter, the article predicts line loadability online taking into account the time-varying and nonlinear properties of power system.
4.Examples
The power system IEEE-39 is analyzed as an example of the model and algorithm described in this article, its network structure shown in Fig.6 . The maximum loadability and limiting factors of branch 6-5, is studied.
A specific operation scene is used to verify the validity of this model and algorithm. In the operation scene, the Loads at each node keep synchronous growth with constant power factor. Load growth is equally distributed among generators. Table I shows the equivalent parameters and two terminal end voltages corresponding to the 8 different operating states. State 0 is the current operating state and state -1 to -7 is the past several operation situations. Through the above 8 states, the correspondence relation between system equivalent parameters ( 1 q E and 2 q E ) and 12 δ is inferred. As shown in Table II and is limited by voltage drop. The loadability calculated by continuous power flow method is 1071.92MW, which is also limited by the voltage drop. The difference is 3.74%. As for the traditional method in other literatures, the system equivalent parameters maintain the current value and unchanged. The maximum loadability calculated by traditional method is 1379.51MW and limited by thermal load, which is very different from the loadability calculated by continuous power flow, as shown in Table II .
5.Conclusions
In this paper, the proposed variable parameter equivalent model based on dual-port Norton equivalence is applicable to the interconnected system. Its equivalent parameters vary with the operation state. The equivalent model accurately and efficiently reflects the system real-time operating state, nonlinear characteristics. Test system results show that it is feasible and effective for the variable parameter equivalent model to replace the actual operating system in the analysis of line loadability. 
